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(57) Abstract 



A method for molding and aligning microstructures on a patterned substrate using a microstnictured mold. A slurry containing a 
mixture of a ceramic powder and a curable fugitive binder is placed between the microstructure of a strctchable mold and a patterned 
substrate. The mold can be strttchcd to align the microstructure of the mold with a predetermined portion of the patterned substrate. The 
slurry is hardered between the mold and the substrate. The mold is then removed to leave microstructures adhered to the substrate and 
aligned with the pattern of the substrate. The microstrucnires can be thcnmally heated to removed the binder and optimally fired to sinter 
the ceramic powder. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


PI 


I^nland 


LT 


Lithuania 


5K 


Slovakia 


AT 


Austria 


FR 


Phmce 


LU 


Luxembouig 


SN 


Senegal 


AU 


Ausiralia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azobaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MO 


Republic of Moldova 


TG 


Togo 


BB 


Bajbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Buifcina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


uc 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


us 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Ceittral African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


cc 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Koica 


PL 


Poland ' 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazaksion 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Gemany 


LI 


Liechiensiein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Swede* 






EE 


Estonia 


IM 


LibeHa 


SO 


Singq)0re 







wo 00/39829 PCT/US99/07145 



METHOD FOR PRECISE MOLDING AND ALIGNMENT OF 
5 STRUCTURES ON A SUBSTRATE USING A STRETCHABLE MOLD 



Technical Field 

The present invention generally relates to methods of forming and 
10 aligning structures on patterned substrates. More specifically, the present 

invention relates to methods of molding and aligning glass, ceramic, and/or metal 
structures on patterned substrates for display applications, and to displays having 
barrier ribs molded and aligned using a strejtchable mold. 

15 Background 

Advancements in display technology, including the development of 
plasma display panels (PDPs) and plasma addressed liquid crystal (PALC) 
displays, have led to an interest in forming electrically-insulating ceramic barrier 
ribs on glass substrates. The ceramic barrier ribs separate cells in which an inert 

20 gas can be excited by an electric field applied between opposing electrodes. The 
gas discharge emits ultraviolet (uv) radiation within the cell. In the case of PDPs, 
the interior of the cell is coated with a phosphor which gives off red, green, or 
blue visible light when excited by uv radiation. The size of the cells determines 
the size of the picture elements (pixels) in the display, PDPs and PALC displays 

25 can be used, for example, as display screens in high definition television (HDTV) 
or other digital electronic displays. 

Various methods have been used to fabricate ceramic barrier ribs for 
PDPs. One method is repeated screen printing. In this method, a screen is 
aligned on the substrate and used to print a thin layer of barrier rib material. The 

30 screen is removed and the material is hardened. Because the amount of material 
that can be printed with this technique is insufficient to create ribs having the 
desired height (typically about 100 |im to 200 ^m), the screen is then realigned 
and a second layer of barrier rib material is printed on top of the first layer. The 



wo 00/39829 PCT/US99/07145 



second layer is then hardened. Layers of rib material are repeatedly printed and 
hardened until the desired barrier height is achieved. The multiple alignment and 
hardening steps required with this method results in a long processing time and 
poor control of the overall barrier rib profile shape. 
5 Another method involves masking and sandblasting. In this method, a 

substrate having electrodes is coated with the barrier rib material which is 
partially fired, A mask is then applied to the barrier material using conventional 
lithography techniques. The mask is applied on the areas between the electrodes. 
The substrate is then sandblasted to remove the barrier rib material exposed by 
10 the mask. Finally, the mask is removed and the barrier ribs are fired to 

nnmnlp.tinn This mpthoH rRniiirp*: nnJv nnp* alionmAnt otAr^ +u«~.^^^^^^ u-^ 

1 ] J — "O* ••^ >• •^^■^y v/CUl lA^Vl^AVlV UV^ 

more accurate than the multiple screen printing method. However, because the 
area of the finished substrate covered by barrier ribs is small, most of the barrier 
rib material must be removed by sandblasting. This large amount of waste 

15 increases the production cost. In addition, because the barrier rib material often 
includes lead-based glass firit, environmentally-friendly disposal of the removed 
material is an issue. Also, while the positions of the ribs after sandblasting can be 
quite accurate, the overall shapes of the ribs, including the height-to-width aspect 
ratio, can be difficult to control. 

20 Another process utilizes conventional photolithographic techniques to 

pattern the barrier rib material. In this technique, the barrier rib material includes 
a photosensitive resist. The barrier rib material is coated onto the substrate over 
the electrodes, often by laminating the rib material in the form of a tape onto the 
substrate. A mask is applied over the barrier rib material and the material is 

25 exposed by radiation. The mask is removed and the exposed areas of the material 
are developed. Barrier rib material can then be removed by washing to form the 
rib structures. This process can give high precision and accuracy. However, as 
with sandblasting, much material is wasted because the entire substrate is initially 
coated with the barrier rib material and the ribs are patterned by material removal. 

30 Another process involves using a mold to fabricate barrier ribs. This can 



2 



wo 00/39829 PCT/US99/07145 

be done by direct molding on the substrate or by molding on a transfer sheet and 
then transferring the ribs to a substrate. Direct molding onto a substrate involves 
coating either the substrate or the mold with barrier rib material, pressing the 
mold against the substrate, hardening the material on the substrate, and removing 
5 the mold. For example, Japanese Laid-Open Patent Application No. 9- 1 34676 
discloses using a metal or glass mold to shape barrier ribs from a glass or ceramic 
powder dispersed in a binder onto a glass substrate. Japanese Laid-Open Patent 
Application No. 9-147754 disclosed the same process where electrodes are 
transferred to the substrate simultaneously with the barrier ribs using a mold, 

10 After hardening the barrier rib material and removing the mold, the barrier ribs 
are fired to remove the binder. 

European Patent Application EP 0 836 892 A2 describes printing a 
mixture of a glass or ceramic powder in a binder onto a transfer sheet. The 
material is printed using a roll or plate intaglio to form barrier rib shapes on the 

15 transfer sheet. A substrate is then pressed against the rib material on the transfer 
sheet to adhere the material to the substrate. After curing the rib material on the 
substrate, the ribs are fired. The transfer film can be removed before firing or 
burned away during firing. 

20 Summary of the Invention 

While direct molding offers less wasted material than sandblasting or 
lithography and fewer aligimient steps than screen printing, it poses challenges 
such as releasing the mold consistently and repeatedly firom the barrier rib 
material and fabricating a separate mold for each unique display substrate. For 

25 example, slight adjustments in barrier rib pitch dimensions are desired to account 
for variations in shrinkage factors of glass substrates due to, for example, 
different lots or different suppliers. 

If the barrier ribs are initially molded onto a transfer sheet, this method 
•has the same disadvantages as direct molding. In addition, the transfer sheet with 

30 the rib material must be aligned with the electrodes on the substrate. This printing 
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method may be used to print a pattern on a flexible film where the pattern on the 
film can subsequently be used as a mold for direct molding of barrier ribs. One 
difficulty, however, is that when the mold and rib material are pressed against the 
substrate to adhere the rib material to the substrate, the mold tends to elongate. 
5 This motion of the mold make precise alignment across the substrate very 
difficult. The method disclosed for solving this problem is to deposit a metal 
layer on the back of the mold to keep the mold from being able to elongate. 

The present invention provides a method for forming and aligning 
microstructures on patterned substrates. Preferred embodiments of the present 

1 0 invention permit formation and alignment of microstructures on patterned 
substrates with high precision and accuracy over relatively large distances. 

In a first aspect, the method of the present invention is a process for 
forming and aligning microstructures on a patterned substrate which proceeds by 
first placing a mixture comprising a curable material between a patterned 

15 substrate and a patterned surface of a mold. The patterned surface of the mold 
has a plurality of microstructures thereon. Microstructure as used in this 
application refers to indentations or protrusions in the surface of the mold. The 
mold is stretched to align a predetermined portion of the patterned surface of the 
mold with a correspondingly predetermined portion of the patterned substrate. 

20 The curable material between the mold and the substrate is cured to a rigid state 
adhered to the substrate. The mold is then removed, leaving hardened structures 
of the mixture aligned with the pattern of the substrate, the hardened structures 
replicating the microstructures of the patterned surface of the mold. 

In another aspect, the present invention is a process for forming and 

25 aligning ceramic microstructures on a patterned substrate. A slurry is provided, 
the slurry being a mixture of a ceramic powder and a curable fugitive binder. The 
slimy is placed between a patterned glass substrate and a patterned surface of a 
mold, the patterned surface of the mold having a plurality of microstructures 
"thereon. The mold is stretched to align a predetermined portion of the patterned 

30 surface of the mold with a correspondingly predetermined portion of the 
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patterned substrate. The curable binder of the slurry is cured to harden the slurry 
and to adhere the slurry to the substrate. Then the mold is removed to leave green 
state microstnictures of the slurry adhered to the substrate, the green state 
microstructures substantially replicating the microstnictures of the patterned 
5 surface of the mold. The green state microstructures may be thermally processed 
to form substantially dense ceramic microstructures. 

In another aspect, the present invention is a substrate element for use in an 
electronic display having microstructured barrier ribs molded and aligned on a 
patterned portion of a substrate. For example, the present invention provides a 

10 high definition television screen assembly including a plasma display panel. The 
plasma display panel includes a back glass substrate having a piiimiity of 
independently addressable electrodes forming a pattern and a plurality of ceramic 
microstructured barriers molded and aligned with the electrode pattern on the 
back substrate according to the process of the present invention. Phosphor 

15 powder is deposited between the ceramic barriers, and a front glass substrate 

having a plurality of electrodes is mounted Math its electrodes orthogonally facing 
the electrodes of the back substrate. An inert gas is disposed between the front 
and back substrates. 

In yet another aspect, the present invention provides an apparatus for 

20 molding and aligning ceramic microstructures on a patterned substrate. The 

apparatus stretches a stretchable mold having a microstructure thereon into close 
proximity with a patterned substrate, registers and aligns the microstructure of the 
mold with a predetermined portion of the patterned substrate, applies a slurry 
comprising a ceramic powder dispersed in a curable binder between the 

25 microstructure of the mold and the substrate, stretches the mold to align the 
microstructure of the mold with the predetermined portion of the patterned 
substrate, and cures the binder of the slurry between the substrate and the mold. 
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Brief Description of the Drawings 

Fig. 1 is a schematic representation of a plasma display panel assembly. 

Fig. 2 is a cross-sectional schematic of a slurry disposed between a mold 
5 and a pattemed substrate. 

Fig. 3 is a schematic representation of a method of stretching a structured 
mold according to the present invention. 

Fig. 4 is a schematic representation of a method of removing a mold from 
green state microstructures. 
10 Fig. 5 is a schematic representation of ceramic microstructures molded 

and aligned on a pattemed substrate. 

Fig. 6 is a schematic representation of an apparatus for molding and 
aligning microstructures. 

Fig. 7 is a schematic of a jig used to stretch a mold. 

15 

Detailed Description 

The method of the present invention enables accurate molding of 
microstructures on a pattemed substrate. While the method of the present 
invention can be used to mold and align microstructures made of various curable 

20 materials onto various pattemed substrates for various applications, it is 

convenient to describe aspects of the method in terms of a particular application, 
namely molding and aligning ceramic barrier rib microstructures on an electrode- 
patterned substrate. Ceramic barrier rib microstmctures are particularly useful in 
electronic displays in which pixels are addressed or illuminated via plasma 

25 generation between opposing substrates, such as PDPs and PALC displays. 
References to ceramic microstructure applications in the description of the 
method of the present invention that follows serve to illustrate aspects of the 
present invention arid should not be read to limit the scope of the present 
■ invention or of the claims recited. - ■ - 
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As used herein, the term ceramic refers generally to ceramic materials or 
glass materials. Thus, in the slurry used in one aspect of the method of the 
present invention, the included ceramic powder can be glass or ceramic particles, 
or mixtures thereof. Also, the terms fused microstructures, fired microstructures, 
5 and ceramic microstructures refer to microstrucliires formed using the method of 
the present invention which have been fired at an elevated temperature to fuse or 
sinter the ceramic particles included therein. 

In an illustrative aspect, the method of the present invention includes 
using a slurry which contains a ceramic powder, a curable organic binder, and a 

10 diluent. The slurry is described in copending and cofiled U,S. Patent Application 

(File No, 54597USA7A), which is incorporated herein by reference. 

When the binder is in its initial uncured state, the slurry can be shaped and 
aligned on a substrate using a mold. After curing the binder, the slurry is in at 
least a semi-rigid state which can retain the shape in which it was molded. This 

1 5 cured, rigid state is referred to as the green state, just as shaped ceramic materials 
are called "green" before they are sintered. When the slurry is cured, the moid 
can be removed from the green state microstructures. The green state material 
can. subsequently be debinded and/or fired. Debinding, or bum out, occurs when 
the green state material is heated to a temperature at which the binder can diffuse 

20 to a surface of the material and volatilize. Debinding is usually followed by 

increasing the temperature to a predetermined firing temperature to sinter or fuse 
the particles of the ceramic powder. After firing, the material can be referred to 
as fired material. Fired microstructures are refened to herein as ceramic 
microstructures. 

25 Fig. 1 shows the substrate elements of a plasma display panel. The back 

substrate element, oriented away from the viewer, has a glass substrate 10 with 
independently addressable parallel electrodes 12. Ceramic barrier ribs 14 are 
positioned between electrodes and separate areas in which red (R), green (G), and 
blue (B) phosphors are-deposited. The front substrate element includes a glass 

30 substrate 100 and a set of independently addressable parallel electrodes 102. The 
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front electrodes 102, also called sustain electrodes, sire oriented perpendicular to 
the back electrodes 12, also referred to as address electrodes. In a completed 
display, the area between the front and back substrate elements is filled with an 
inert gas. To light up a pixel, an electric field is applied between crossed sustain 
5 and address electrodes with enough strength to excite the inert gas atoms 
therebetween. The excited inert gas atoms emit uv radiation which causes the 
phosphor to emit red, green, or blue visible light. 

Back substrate 1 0 is preferably a transparent glass substrate. Typically, 
substrate 10 is made of soda lime glass which can optionally be substantially free 

10 of alkali metals. The temperatures reached during processing can cause migration 
of the electrode material in the presence of alkali metal in the siihstrate. This 
migration can result in conductive pathways between electrodes, thereby shorting 
out adjacent electrodes or causing undesirable electrical interference between 
electrodes known as "crosstalk." The substrate should be able to withstand the 

15 temperatxires required for sintering, or firing, the ceramic barrier rib material. 
Firing temperatures may vary widely from about 400°C to 1 600°C, but typical 
firing temperatures for PDP manufacture onto soda lime glass substrates range 
from about 400°C to about 600°C, depending on the softening temperature of the 
ceramic powder in the slurry. Front substrate 100 is a transparent glass substrate 

20 which preferably has the same or about the same coefficient of thermal expansion 
as that of the back substrate. 

Electrodes 12 are strips of conductive material. Typically, the electrodes 
are Cu, Al, or a silver-containing conductive frit. The electrodes can also be a 
transparent conductive oxide material, such as indium tin oxide, especially in 

25 cases where it is desirable to have a transparent display panel. The electrodes are 
patterned on back substrate 10, usually forming parallel strips spaced about 120 
Jim to 360 \im apart, having widtiis of about 50 jim to 75 ^im, thicknesses of 
about 2 ^m to 15 )im, and lengths that span the entire active display area which 
can range from a few centimeters- to several tens of centimeters. 
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Barrier ribs 14 contain ceramic particles which have been fused or 
sintered by firing to form rigid, substantially dense, dielectric barrier ribs. The 
ceramic material of the barrier ribs is preferably alkali-metal free. The presence 
of alkali metals in the glass frit or ceramic powder can lead to undesirable 

5 migration of conductive material from the electrodes on the substrate. The 

ceramic material forming the barrier ribs has a softening temperature lower than 
the softening temperature of the substrate. The softening temperature is the 
lowest temperature at which a glass or ceramic material can be fused to a 
relatively dense structure having little or no surface-connect porosity. Preferably, 

10 the softening temperature of the ceramic material of the slurry is less than about 
600*'C, more preferably less than about 560°C, and most preferably less than 
about 500''C. Preferably, the material of the barrier ribs has a coefficient of 
thermal expansion that is within 10% of the coefficient of expansion of the glass 
substrates. Close matching of the coefficients of expansion of the barrier ribs and 

15 the substrates reduces the chances of damaging the ribs during processing. Also, 
differences in coefficients of thermal expansion can cause significant substrate 
warpage or breakage. Barrier ribs in PDPs typically have heights of about 
120 urn to 140 |im and widths of about 20 \im to 75 ^im. The pitch (number per 
unit length) of the barrier ribs preferably matches the pitch of the electrodes, 

20 It is important that PDP barrier ribs be positioned on the substrate 

between electrode positions. In other words, the pitch, or the periodicity, of the 
barrier ribs should closely match the pitch of the electrodes across the entire 
width of the display area. Misaligimient adversely affects the functionality of the 
display. The spacing between the peaks of adjacent barrier ribs is preferably held 

25 to a tolerance of tens of parts per million (ppm) of the electrode pitch over the 
entire width of the display. Because the larger displays can have widths of 1 00 
cm or more with an electrode pitch of about 200 jim, the barrier ribs are 
preferably patterned to hold their alignment with the electrodes to within 10 ixm 
to 40 ^m over nearly 1 00 cm. 



9 



wo 00/39829 PCT/US99/07145 



While it is the phosphors and not the barrier ribs that give off visible light 
in an active dispJay, the optical properties of the ribs can enliance or detract from 
the display characteristics. Preferably, the sides of the barrier ribs are white and 
highly reflective so that light which does not directly exit an activated cell is not 
5 lost to absorption in significant amounts. 

The barrier ribs also preferably have a low porosity. Highly porous ribs 
have large surface areas that can trap molecules which may contaminate the 
display and decrease the life of the display. When the display substrates are put 
together and sealed, the air between the substrate elements is replaced with an 

10 inert gas mbcture for plasma generation. Molecules adsorbed in porous ribs can 
remain inside the display and desorb over time, leading to contamination and 
reducing the lifetime of the display. 

After forming and firing the barrier rib materials, the phosphor materials 
are deposited between the barrier ribs, typically by screen printing. For linear 

15 barrier ribs, one type of phosphor material is deposited along the entire length of 
each channel defined by an adjacent pair of barrier ribs. The type of phosphor is 
alternated for adjacent channels to form a repeating pattern such as red, green, 
blue, red, green, blue, and so on. 

The process of the present invention permits forming and aligning 

20 microstructures on a patterned substrate. The process of the present invention 
involves providing a mold, providing a material which can be cured or hardened 
to form microstructures, placing the material between the mold and a pattemed 
substrate, aligning the mold with the pattem of the substrate, hardening the 
material between the mold and the substrate, and removing the mold. The mold 

25 has two opposing major surfaces, a generally flat surface and a pattemed, or 
structured, surface. The pattemed surface of the mold has a plurality of 
microstructures which represent the negative image of the microstructures to be 
formed and aligned on the pattemed substrate. As described in further detail 
below, the pattem of the mold is designed such that matching between the pattem 

30 of the mold and the pattem of the substrate can be achieved by stretching the 
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mold in at least one direction. By so stretching the mold for alignment, the mold 
can be corrected for mold or substrate variations due to variations in processing 
conditions, variations in the environment (such as temperature and humidity 
changes), and aging which can cause slight shifting, elongation, or shrinking of 
5 the pattern of the mold. If the position of the mold shifts in any manner during 
processing, the microstnictures being formed on the substrate can become 
damaged and/or misaligned. 

In many applications, the microstructures to be formed on the substrate 
are to be aligned with a patterned portion of the substrate in such a manner that 

10 each microstructure is positioned in a precise location relative to the pattern of the 
substrate. For example, on PDP substrates having a plurality of parallel 
electrodes, it is desirable to form uniformly-sized ceramic barriers positioned 
between each electrode. PDP substrates can have 1000 to 5000 or more parallel 
address electrodes that must each be separated by barrier ribs. Each of these 

15 barrier ribs must be placed with a certain precision, and this precision must be 
held across the width of the substrate. The process of the present invention 
allows for accurate and precise aligiunent of the mold pattern with the substrate 
pattern to form microstructures on the substrate with accurate and precise 
alignment which is consistently held across the substrate. 

20 The material for forming the microstructures on the patterned substrate 

can be placed between the moid and the substrate in a variety of ways. The 
material can be placed directly in the pattern of the mold followed by placing the 
mold and material on the substrate, the material can be placed on the substrate 
followed by pressing the mold against the material on the substrate, or the 

25 material can be introduced into a gap between the mold and the substrate as the 
mold and substrate are brought together by mechanical or other means. The 
method used for placing the material between the mold and the substrate depends 
on, among other things, the aspect ratio of the structures to be formed on the 
substrate, the viscosity of the microstructure-forming material, and the rigidity of 

30 the mold. Structures having heights that are large compared to their widths (high 
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aspect ratio structures) require molds having relatively deep indentations. In 
these cases, depending on the viscosity of the material, it can be difficult to 
completely fill the indentations of the mold unless the material is injected into the 
indentations of the mold with some force. In addition, care should be taken to fill 
5 the indentations of the mold while minimizing the introduction of bubbles or air 
pockets in the material. 

While placing the material between the mold and the substrate, pressure 
can be applied between the substrate and the mold to set a land thickness, L, as in 
Fig. 2. The land is the material between the substrate and the base of the 

10 microstructures formed on the substrate. The land thickness can vary depending 
on the application. If zero land thickness is desired^ it may bs preferable to fill 
the mold with the material and then remove any excess material from the mold 
using a blade or squeegee before contacting the substrate. For other applications, 
it may be desirable to have a non-zero land thickness. In the case of PDPs, the 

15 material forming the microstructured barrier ribs is a dielectric, and the land 
thickness determines the thickness of dielectric material positioned on substrate 
electrodes 12. Thus, for PDPs, the land thickriess can be important for 
determining what voltage must be applied between electrodes to generate a 
plasma and to activate a picture element. 

20 The next step is to align the pattern of the mold with the pattern of the 

substrate. Under ideal conditions, the pattern of the mold as fabricated and the 
pattern of the substrate as fabricated would perfectly match. However, in practice 
this is rarely, if ever, the case. Processing steps can cause the dimensions of the 
substrate and the mold to change. While these dimensional changes might be 

25 slight, they can adversely affect the precise placement of microstructures aligned 
with the substrate pattern using a mold. For example, a PDF substrate having a 
width of 100 cm and an electrode pitch of 200 (im requires that each of 5000 
barrier ribs be placed precisely between adjacent electrodes. A difference 
between the pitch of the electrodes and the pitch of the mold of only 0. 1 |im (or 

30 0.05%) means that the pattern of the barrier ribs and the electrode pattern on the 
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substrate will be misaligned, and be 1 80^ out of phase in at least two regions 
across the substrate. This is fatal for display device functionality. For sucH a 
PDP substrate, the pitch of the mold and the pitch of the electrodes should have a 
mismatch of 0.01% or less. 
5 The process of the present invention employs a mold capable of being 

stretched to facilitate precise alignment of the pattern of the mold with the pattern 
of the substrate. First, the mold is rough aligned by placing the pattern of the 
mold in the same orientation as the pattern of the substrate. The mold and 
substrate are checked for registry of their respective patterns. The mold is 

1 0 stretched in one or more directions parallel to the plane of the substrate until the 
desired registry is achieved. In the case nf substrates having a pattern of parallel 
lines, such as electrodes on a PDP substrate, the mold is preferably stretched in 
one direction, either parallel to the substrate pattern or perpendicular to the 
substrate pattern, depending on whether the pitch of the mold is greater than or 

15 less than the pitch of the substrate pattern. Fig. 3 shows the case where mold 30 
is stretched in a direction parallel to the parallel line pattern of the substrate 34. 
In this case, the pitch of the pattern of the mold is reduced during stretching to 
conform it to the pitch of the pattern of the substrate. To expand the pitch of the 
mold, the mold is stretched in the perpendicular direction. 

20 Stretching can take place using a variety of known techniques- For 

example, the edges of the mold can be attached to adjustable rollers which can 
increase or decrease the tension on the mold until alignment is achieved. In cases 
where it is desirable to stretch the mold in more than one direction 
simultaneously, the mold can be heated to thermally expand the mold until 

25 alignment is achieved. 

After alignment of the pattern of the mold with the pattern of the 
substrate, the material between the mold and the substrate is cured to form 
microstructures adhered to the surface of the substrate. Curing of the material can 
take place in a variety of ways depending on the binder resin used. For example, 

30 the material can be cured by curing using visible light, ultraviolet light, e-beam 
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radiation, or other forms of radiation, by heat curing, or by cooling to 
soUdification from a melted state. When radiation curing, radiation can be 
propagated through the substrate, through the mold, or through the substrate and 
the mold. Preferably, the cure system chosen optimizes adhesion of the cured 
5 material to the substrate. As such, in cases where material is used which tends to 
shrink during hardening and radiation curing is used, the material is preferably 
cured by irradiating through the substrate. If the material is cured only through 
the mold, the material might pull away from the substrate via shrinkage during 
curing, thereby adversely affecting adhesion to the substrate. In the present 

10 application, curable refers to a material that may be cured as described above. 

After curing the material to form microstrjctures adhered to the substiatc 
surface and aligned to the pattern of the substrate, the mold can be removed. 
Providing a stretchable and flexible mold can aid in mold removal because the 
mold can be peeled back so that the demolding force can be focused on a smaller 

15 surface area. As shovm in Fig. 4, when linear rib-like microstructures are molded 
such as barrier ribs 24, mold 30 is preferably removed by peeling back along a 
direction parallel with ribs 24 and mold pattern 34. This minimizes the pressure 
applied perpendicular to the ribs during mold removal, thereby reducing the 
possibility of damaging the ribs. Preferably, a mold release is included either as a 

20 coating on the patterned surface of the mold or in the material that is hardened to 
form the raicrostruclure itself. The advantages of including a mold release 
composition in the hardenable material is described in more detail below with 
respect to a moldable slixrry used to form ceramic barrier ribs on a PDP substrate. 
A mold release material becomes more important as higher aspect ratio structures 

25 are formed. Higher aspect ratio structures make demolding more difficult, and 
can lead to damage to the microstructures. As discussed above, curing the 
material fix)m the substrate side not only helps improve adhesion of the hardened 
microstructures to the substrate, but can allow the structures to shrink toward the 
substrate during curing, thereby pulling away from the mold to permit easier 

30 demolding. 
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After the mold is removed, what remains is the patterned substrate having 
a plurality of hardened microstructures adhered thereon and aligned with the 
pattern of the substrate. Depending on the application, this can be the finished 
product. In other applications such as substrates that will have a plurality of 
5 ceramic microstructures, the hardened material contains a binder which is 

preferably removed by debinding at elevated temperatures. After debinding, or 
burning out of the binder, firing of the green state ceramic microstructures is 
performed to fiise the glass particles or sinter the ceramic particles in the material 
of the microstructures. This increases the strength and rigidity of the 

10 microstructures. Shrinkage also occijts during firing as the microstructure 

densifies. Fig. 5 shows ceramic microstructures 14 after firing on a substrate 10 
having patterned electrodes 12. Firing densifies microstructures 14 so that their 
profile shrinks somewhat fix>m their green state profile 24 as indicated. As 
shown, fired microstructures 1 4 maintain their positions and their pitch according 

15 to the substrate pattern. 

For PDF display applications, phosphor material is applied to fired barrier 
ribs, and the substrate can then be installed into a display assembly. This 
involves aligning a front substrate having sustain electrodes with the back 
substrate having address electrodes, barrier ribs, and phosphor such that the 

20 sustain electrodes are perpendicular with the address electrodes. The areas 

through which the opposing electrodes cross define the pixels of the display. The 
space between the substrates is then evacuated and filled vnih an inert gas as the 
substrates are bonded together and sealed at their edges. 

It should be noted that the process of the present invention can lend itself 

25 well to automation to take advantage of the efficiencies offered by continuous 
processing. For example, the patterned substrate can be conveyed by a belt or 
other mechanisms to an area where the mold can be brought into close proximity 
with the substrate by, for example, a rotating drum. As the mold is brought close 
to the substrate, an extrusion die or other means can be used to apply the curable 

30 slurry between the patterned siuface of the mold and the patterned surface of the 
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substrate. The conveyer means for the substrate and the conveyer means for the 
mold are positioned such that rough positioning of the pattern of the mold with 
the pattern of the substrate occurs as the two are brought together and as the 
material is placed therebetween. After placing the hardenable material between 
5 the substrate and the mold, alignment between the pattern of the mold and the 
pattern of the substrate can be automatically checked, for example by optical 
detectors. The optical detectors can look for alignment fiducials or check for a 
moire interference pattern due to misalignment of the pattern of the mold and the 
pattern of the substrate. The mold can then be stretched by, for example, gripping 

10 a pair of opposing edges of the mold and pulling until the optical detectors 
confirm alignment. At this point, the material between the mold and substrate 
can be cured by irradiating the material through the substrate, through the mold, 
or both. After a predetermined curing time, the substrate and mold can be 
advanced as the rotating drum peels the mold away fi-om the cured 

15 microstructures formed and aligned on the patterned substrate. 

Fig. 6 shows an apparatus for molding, aligning, and curing 
microstructures on a patterned substrate using a microstructured mold. Substrate 
84 resides on mechanical stage 92 which preferably has the ability of x-motion 
(motion from left to right in the figure), y-motion (motion in and out of the page 

20 of the figure), and 9-motion (rotational motion in the x-y plane). Such motion 
allows substrate 84 to be moved into position for alignment and curing, to be 
rough aligned with the mold, and to be moved out of position for removal of the 
mold after curing. Rolls 90a and 90b are wind up and imwind rolls, respectively, 
for moving flexible, stretchable mold 80 in line with substrate 84. To introduce 

25 the curable material between substrate 84 and mold 80, substrate 84 and mold 80 
are moved in concert as the curable material is injected by injection means 98 
into a gap between mold 80 and substrate 84 near roll 88a. Substrate 84 and mold 
80 are moved in unison as the material is applied therebetween until the desired 
amount of material is applied between the pattern of the substrate and the pattern 

30 of the mold. Fig. 6 shows the substrate 84 and mold 80, having curable material 
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82 disposed between, moved into an area where optical detectors 96a and 96b 
check for alignment. Depending on the pattern of the microstructures, two or 
more detectors may be required. Rollers 88a and 88b can then be oppositely 
rotated to stretch the mold until the pattern of the mold and the pattern of the 
5 substrate are aligned with the desired precision. At this point, radiation source 94 
is used to irradiate curable material 82 through substrate 84. After material 82 is 
cured, the substrate and mold are moved in unison as roller 88b acts to peel the 
mold away from the cured microstructures which have been molded in alignment 
with the pattern of die substrate. 

1 0 An alternative method of molding and aligning microstructures on a 

patterned substrate according to the present invention involves a static stretching 
method. For example, a patterned substrate can be provided which has 
protrusions or indentions located outside of the pattern of the substrate and on 
opposing ends of the substrate. The stretchable mold also has protrusions or 

15 indentions located outside of the microstructured pattern of the mold which align 
and interlock with those provided on the substrate when the mold is slightly 
stretched. These added interlocking features on the substrate and the mold hold 
the pattern of the mold in alignment with the pattern of the substrate without the 
need for other machinery. 

20 The method of the present invention preferably uses a mold capable of 

being stretched in at least one direction to align the pattern of the mold to a 
predetermined portion of the patterned substrate. The mold is preferably a 
flexible polymer sheet having a smooth surface and an opposing microstructured 
surface. The mold can be made by compression molding of a thermoplastic 

25 material using a master tool which has a microstructured pattern. The mold can 
also be made of a curable material which is cast and cured onto a thin, flexible 
polymer film. 

The microstructured mold of the present invention is preferably formed 
according to a process similar to the processes disclosed in U.S. Pat. No. 
30 5,175,030 (Lu et al.) and U.S. Pat. No. 5,183,597 (Lu). The formation process 
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preferably includes the following steps: (a) preparing an oligomeric resin 
composition; (b) depositing the oligomeric resin composition onto a master' 
negative microstructured tooling surface in an amount barely sufficient to fill the 
cavities of the master; (c) filling the cavities by moving a bead of the composition 
5 between a preformed substrate and the master, at least one of which is flexible; 
and (d) curing the oligomeric composition. 

The oligomeric resin composition of step (a) preferably is a one-part, 
solvent-free, radiation-polymerizable, crosslinkable, organic oligomeric 
composition. The oligomeric composition is preferably one which is curable to 

10 form a flexible and dimensionally-stable cured polymer. The curing of the 
oligomeric resin should occur with low shrinkage. One preferred suitable 
oligomeric composition is an aliphatic urethane acrylate such as one sold by the 
Henkel Corporation, Ambler, PA, under the trade designation Photomer 6010, 
although similar compounds are available from other suppliers. 

15 Acrylate functional monomers and oligomers are preferred because they 

polymerize more quickly under normal curing conditions. Further, a large variety 
of acrylate esters are conMnercially available. However, methacrylate, acrylamide 
and methacrylamide functional ingredients can also be used without restriction. 
Herein, where acrylate is used, methaciylate is understood as being acceptable. 

20 Polymerization can be accomplished by usual means, such as heating in 

the presence of free radical initiators, irradiation with ultraviolet or visible light in 
the presence of suitable photoinitiators, and by irradiation with electron beam. 
For reasons of convenience, low capital investment, and production speed, the 
preferred method of polymerization is by irradiation with ultraviolet or visible 

25 light in the presence of photoinitiator at a concentration of about 0.1 percent to 
about 1.0 percent by weight of the oligomeric composition. Higher concentrations 
can be used but are not normally needed to obtain the desired cured resin 
properties. 

The viscosity of the oligomeric composition deposited in step (b) is 
30 preferably between 500 and 5000 centipoise (500 and 50OO x 1 0*^ Pascal- 
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seconds). If the oligomeric composition has a viscosity above this range, air 
bubbles might become entrapped in the composition. Additionally, the 
composition might not completely fill the cavities in the master tooling. For this 
reason, the resin can be heated to lower the viscosity into the desired range. 
5 When an oligomeric composition with a viscosity below that range is used, the 
oligomeric composition usually experiences shrinkage upon curing that prevents 
the oligomeric composition fi^m accurately replicating the master. 

Almost any material can be used for the base (substrate) of the patterned 
mold, as long as that material is substantially optically clear to the curing 

10 radiation and has enough strength to allow handling during casting of the 

microstructure. In addition, the material used for the base should be chosen so 
that it has sufficient thermal stability during processing and use of the mold. 
Polyethylene terephthalate or polycarbonate films are preferable for use as a 
substrate in step (c) because the materials are economical, optically transparent to 

1 5 curing radiation, and have good tensile strength. Substrate thicknesses of 0,025. 
millimeters to 0.5 millimeters are preferred and thicknesses of 0.075 millimeters 
to 0.175 millimeters are especially preferred. Other useful substrates for the 
microstructured mold include cellulose acetate butyrate, cellulose acetate 
propionate, polyether sulfone, polymethyl methacrylate, polyurethane, polyester, 

20 and polyvinyl chloride. The surface of the substrate may also be treated to 
promote adhesion to the oligomeric composition. 

Examples of such polyethylene terephthalate based materials include: 
photograde polyethylene terephthalate; and polyethylene terephthalate (PET) 
having a surface that is formed according to the method described in U.S. Pat. 

25 No. 4,340,276. 

A preferred master for use with the above-described method is a metallic 
tool. If the temperature of the curing and optionally simultaneous heat treating 
step is not too great, the master can also be constructed from a thermoplastic 
material, such as a laminate of polyethylene and polypropylene. 
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After the oligomeric resin fills the cavities between the substrate and the 
master, the oligomeric resin is cured, removed from the master, and may or may 
not be heat treated to relieve any residual stresses. When curing of the mold resin 
material results in shrinkage of greater than about 5% (e.g., when a resin having a 
5 substantial portion of monomer or low molecular weight oligomers is used), it 
has been observed that the resulting microstructures can be distorted. The 
distortion that occurs is typically evidenced by a concave microstnicture 
sidewalls and/or slanted tops on features of the microstructures. Although these 
low viscosity resins perform well for replication of small, low aspect ratio 

10 microstructures, they are not preferred for relatively high aspect ratio t 
microstructures for which the sidewall angles and the top flatness must be 
maintained. In forming ceramic barrier ribs for PDP applications, relatively high 
aspect ratio ribs are desired, and the maintenance of relatively straight sidewalls 
and tops on the barrier ribs can be important. 

15 As indicated above, the mold can alternatively be replicated by 

compression molding a suitable thermoplastic against the master metal tool. 

When using the method of the present invention to mold and align 
ceramic microstructures on patterned display substrates, the molding material is 
preferably a slurry containing a mixture of at least three components. The first 

20 component is a ceramic powder. The ceramic material of the slurry will 

ultimately be fused or sintered by firing to form microstructures having desired 
physical properties adhered to the patterned substrate. The second component is 
a fugitive binder which is capable of being shaped and subsequently hardened by 
curing or cooling. The binder allows the slurry to be shaped into semi-rigid green 

25 state microstructures which are adhered to the substrate so that the stretchable 
mold used to form and align the microstructures can be removed in preparation 
for debinding and firing. The third component is a diluent which can promote 
release from the mold after alignment and hardening of the binder material, and 
can promote fast and complete bum out of the binder during debinding before 

30 firing the ceramic material of the microstructures. The diluent preferably remains 
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a liquid after the binder is hardened so that the diluent phase-separates from the 
binder material during binder hardening. 

The ceramic powder is chosen based on the end application of the 
microstructures and the properties of the substrate to which the microstructures 
5 will be adhered. One consideration is the coefficient of thermal expansion (CTE) 
of the substrate material. Preferably, the CTE of the ceramic material of the 
slurry differs from the CTE of the substrate material by no more than about 1 0%. 
When the substrate material has a CTE which is much less than or much greater 
than the CTE of the ceramic material of the microstructures, the microstructures 

10 can warp, crack, fracture, shift position, or completely break off from the 

substrate during processing or use. Further^ the substrate can warp due to a high 
difference in CTE between the substrate and the ceramic microstructures. 

The substrate should be able to withstand the temperatures necessary to 
process the ceramic material of the slurry. Glass or ceramic materials suitable for 

15 use in the slurry preferably have softening temperatures below about 600**C, and 
usually between about 400°C and 60O''C. Thus, a preferred choice for the 
substrate is a glass, ceramic, metal, or other rigid material which has a softening 
temperature which is higher than that of the ceramic material of the slurry. 
Preferably, the substrate has a softening temperature which is higher than the 

20 temperature at which the microstructures are to be fired. In addition, glass or 
ceramic materials suitable for use in the slurry of the present invention preferably 
have coefficients of thermal expansion of about 5 >c 10"* /°C to 13 x lO"^ AC. 
Thus, the substrate preferably has a CTE approximately in this range as well. 
Choosing a ceranMc powder having a low softening temperature allows 

25 the use of a substrate also having a relatively low softening temperature. In the 
case of glass substrates, soda lime float glass having low softening temperatures 
is typically less expensive than glass having higher softening temperatures. Thus, 
the use of a low softening temperature ceramic powder can allow the use of a less 
expensive glass substrate. In addition, low softening temperature ceramic 

30 materials in the slurry of the present invention can make high precision 
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microstructures easier to obtain. For example, when fabricating barrier ribs on a 
PDP glass substrate, the precision and accuracy in the alignment and placement 
of the barrier ribs with respect to the electrodes on the substrate should be 
maintained throughout processing. The ability to fire green state barrier ribs at 
5 lower temperatures minimizes the thermal expansion and the amount of stress 
relief required during heating, thus avoiding undue substrate distortion, barrier rib 
warping, and barrier rib delamination. 

Lower softening temperature ceramic materials can be obtained by 
incorporating certain amounts of alkali metals, lead, or bismuth into the material. 

10 However, for PDP barrier ribs, the presence of alkali metals in the 

microstructured barriers can caiise material from, the electrodes to migrate across 
the substrate during elevated temperature processing. The diffusion of electrode 
material can cause interference, or "crosstalk", as well as shorts between adjacent 
electrodes, degrading device performance. Thus, for PDP applications, the 

15 ceramic powder of the slurry is preferably substantially free of alkali metal. In 
addition, the incorporation of lead or bismuth in the ceramic material of the slurry 
can make environmentally-friendly disposal of the material problematic. When 
the incorporation of lead or bismuth is not desirable, low softening temperature 
ceramic material can be obtained using phosphate or B^Oa-containing 

20 compositions. One such composition includes ZnO and B2O3. Another such 
composition includes BaO and B2O3. Another such composition includes ZnO, 
BaO, and B2O3. Another such composition includes LajOj and B2O3. Another 
such composition includes AljOj, ZnO, and PjOj. 

Other fully soluble, insoluble, or partially soluble components can be 

25 incorporated into the ceramic material of the slurry to attain or modify various 
properties. For example, AI2O3 or LajOj can be added to increase chemical 
durability of the composition and decrease corrosion. MgO can be added to 
increase the glass transition temperature or to increase the CTE of the 
composition. TiO^ can be added to give the ceramic material a higher degree of 

30 optical opacity, whiteness, and reflectivity. Other components or metal oxides 
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can be added to modify and tailor other properties of the ceramic material such as 
the CTE, softening temperature, optical properties, physical properties such as 
brittleness, and so on. 

Other means of preparing a composition which can be fired at relatively 
5 low temperatures include coating core particles in the composition with a layer of 
low temperature fusing material. Examples of suitable core particles include 
Zr02, AI2O3, Zr02-Si02, and TiOj. Examples of suitable low fusing temperature 
coating materials include B2O3, P2O3, and glasses based on one or more of BjO^, 
P2O5, and SiOj. These coatings can be applied by various methods. A preferred 

10 method is a sol-gel process in which the core particles are dispersed in a wet 
chemical precursor of the coating material- The mixture is then dried and 
comminuted (if necessary) to separate the coated particles. These particles can be 
dispersed in the glass or ceramic powder of the slurry or can be used by 
themselves for the glass powder of the slurry. 

15 The ceramic powder in the slurry which can be used in the method of the 

present invention is preferably provided in the form of particles which are 
dispersed throughout the slurry. The preferred size of the particles depends on 
the size of the microstructures to be formed and aligned on the patterned 
substrate. Preferably, the average size, or diameter, of the particles in the ceramic 

20 powder of the slurry is no larger than about 10% to 1 5% the size of the smallest 
characteristic dimension of interest of the microstructures to be formed and 
aligned. For example, PDP barrier ribs can have widths of about 20 ^m, and their 
widths are the smallest feature dimension of interest. For PDP barrier ribs of this 
size, the average particle size in the ceramic powder is preferably no larger than 

25 about 2 or 3 jim. By using particles of this size or smaller, it is more likely that 
the microstructures will be replicated with the desired fidelity and that the 
surfaces of the ceramic microstructures will be relatively smooth. As the average 
particle size approaches the size of the microstructures, the slurry containing the 
particles may no longer conform to the microstructured profile. In addition, the 
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maximxim surface roughness can vary based in part on the ceramic particle size. 
Thus, it is easier to form smoother structures using smaller particles. 

The fugitive binder of the slurry is an organic binder chosen based on 
factors such as its ability to bind to the ceramic powder of the slurry, ability of 
5 being cured or otherwise hardened to retain a molded microstructure, ability of 
adhering to the patterned substrate, and ability to volatilize (or bum out) at 
temperatures at least somewhat lower than those used for firing the green state 
microstructures. The binder helps bind together the particles of the ceramic 
powder when the bmder is cured or hardened so that the stretchable mold can be 

10 removed to leave rigid green state microstructures adhered to and aligned with the 
patterned substj^te. The binder is referred to as a "fugitive binder'* because the 
binder material can be burned out of the microstructures at elevated temperatures 
prior to fusing or sintering the ceramic particles in the microstructures. 
Preferably, firing completely bums out the fugitive binder so that the 

15 microstructures left on the patterned surface of the substrate are fused glass or 
ceramic microstructures which are substantially free of carbon residue. In 
applications where the microstructures used are dielectric barriers, such as in 
PDPs, the binder is preferably a material capable of debinding at a temperature at 
least somewhat below the temperature desired for firing without leaving behind a 

20 significant amount of carbon which can degrade the dielectric properties of the 
microstructured barriers. For example, binder materials containing a significant 
proportion of aromatic hydrocarbons, such as phenolic resin materials, can leave 
graphitic carbon particles during debinding which can require significantly higher 
temperatures to completely remove. 

25 The binder is preferably an organic material which is radiation or heat 

curable. Preferred classes of materials include acrylates and epoxies. 
Alternatively, the binder can be a thermoplastic material which is heated to a 
liquid state to conform to the mold and then cooled to a hardened state to form 
microstructures adhered to the substrate. When precise placement and alignment 

30 of the microstructures on the substrate is desired, it is preferable that the binder is 
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radiation curable so that the binder can be hardened under isothermal conditions. 
Under isothermal conditions (no change in temperature), the stretchable mold, 
and therefore the slurry in the mold, can be held in a fixed position relative to the 
pattern of the substrate during hardening of the binder material. This reduces the 
5 risk of shifting or expansion of the mold or the substrate, especially due to 
differential thermal expansion characteristics of the mold and the substrate, so 
that precise placement and alignment of the mold can be maintained as the slurry 
is hardened. 

When using a fugitive binder which is radiation curable, it is preferable to 
10 use a cure initiator that is activated by radiation to which the substrate is 

substantially tran.snarent so that the slurry can be cured by exposure through the 
substrate. For example, when the substrate is glass, the fugitive binder is 
preferably visible light curable. By curing the binder through the substrate, the 
slurry material adheres to the substrate first, and any shrinkage of the binder 
15 material during curing will tend to occur away from the mold and toward the 
surface of the substrate. This helps the microstructures demold and helps 
maintain the location and accuracy of the microstructure placement on the pattern 
of the substrate. 

In addition, the selection of a cure initiator can depend on what materials 
20 are used for the ceramic powder in the slurry used in the present invention. For 
example, in applications where it is desirable to form ceramic microstructures 
which are opaque and highly diffusely reflective, it can be advantageous to 
include a certain amount of titania (TiOj) in the ceramic powder of the slurry. 
While titania can be useful for increasing the reflectivity of the microstructures, it 
25 can also make curing with visible light difficult because visible light reflection by 
the titania in the slurry can prevent sufficient absorption of the light by the cure 
initiator to effectively cure the binder. However, by selecting a cure initiator 
which is activated by radiation which can simultaneously propagate through the 
substrate and the titania particles, effective curing of the binder can take place, 
30 One example of such a cure initiator is bis(2,4,6-trimethylben2oyl)- 
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phenylphosphineoxide, a photoinitiator commerciaJly available from Ciba 
Specialty Chemicals, Hawthrone, NY, under the trade designation Irgacure 819. 
Another example is a ternary photoinitiator system prepared such as those 
described in U.S. Patent No. 5,545,670 such as a mixture of ethyl 
5 dimethylaminobenzoate, camphoroquinone, and diphenyl iodonium 

hexafluorophosphate. Both of these examples are active in the blue region of the 
visible spectrum near the edge of the ultraviolet in a relatively narrow region 
where the radiation can penetrate both a glass substrate and titania particles in the 
slurry. Other cure systems may be selected for use in the process of the present 
10 invention based on the binder, the materials of the ceramic powder in the slurry, 
and the material of the mold or the substrate through which curing is to take 
place. 

The diluent of the slurry used in the method of the present invention is a 
material selected based on factors such as its ability to enhance mold release 

15 properties of the slurry subsequent to curing the fugitive binder and to enhance 
debinding properties of green state structures made using the slurry. The diluent 
is preferably a material that is soluble in the binder prior to curing and which 
remains Uquid after curing the fugitive binder. This provides two advantages. 
First, by remaining a liquid when the binder is hardened, the diluent reduces the 

20 risk of the cured binder material adhering to the mold. Second, by remaining a 
liquid when the binder is hardened, the diluent phase separates from the binder 
material, thereby forming an interpenetrating network of small pockets, or 
droplets, of diluent dispersed throughout the cured binder matrix. The advantages 
of phase separation of the diluent will become clear in the discussion that follows. 

25 For many applications, such as PDF barrier ribs, it is desirable for 

debinding of the green state microstructures to be substantially complete before 
firing. Additionally, debinding is often the longest and highest temperature step 
in thermal processing. Thus, it is desirable for the slurry to be capable of 
debinding relatively quickly and completely and at a relatively low temperature. 

30 The preference for low temperatures is discussed in detail below. 
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While not wishing to be bound by any theory, debinding can be thought of 
as being kinetically and thermodynamically limited by two temperature- 
dependent processes, namely diffusion and volatilization. Volatilization is the 
process by which decomposed binder molecules evaporate from a surface of the 
5 green state structures and thus leave a porous network for resin egress to proceed 
in a less obstructed manner. In a single phase resin binder, internally-trapped 
gaseous degradation products can blister and/or rupture the structure. This is 
more prevalent in binder systems that leave a high level of carbonaceous 
degradation products at the surface which can form an impervious skin layer to 

10 stop the egress of binder degradation gases. In cases where single phase binders 
are successful the cross sectional area is relatively small and the binder 
degradation heating rate is inherently long to prevent a skin layer from forming. 

The rate at which volatilization occurs depends on temperature, an 
activation energy for volatilization, and a frequency, or sampling rate. Because 

15 volatilization occurs primarily at or near surfaces, the sampling rate is 

proportional to the total surface area of the structures. Diffusion is the process by 
which binder molecules migrate to surfaces from the bulk of the structures. Due 
to volatilization of binder material from the surfaces, there is a concentration 
gradient which tends to drive binder material toward the surfaces where there is a 

20 lower concentration. The rale of diffusion depends on temperature, an activation 
energy for diffusion, and a frequency. 

Because volatilization is limited by the surface area, if the surface area is 
small relative to the bulk of the microstructures, heating too quickly can cause 
volatile species to be trapped. When the internal pressure gets large enough, the 

25 structures can bloat, break or fracture. To curtail this effect, debinding can be 
accomplished by a relatively gradual increase in temperature until debinding is 
complete. A lack of open channels for debinding, or debinding too quickly, can 
also lead to a higher tendency for residual carbon formation. This in turn requires 
higher debinding temperatures to ensure complete debinding. When debinding is 

30 complete, the temperature can be ramped up more quickly to the firing 
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temperature and held at that temperature until firing is complete. At this point, 
the articles can then be cooled. 

The diluent enhances debinding by providing shorter pathways for 
diSusion and increased surface area. The diluent preferably remains a liquid and 
5 phase separates from the fugitive binder when the binder is cured or otherwise 
hardened. This creates an interpenetrating network of pockets of diluent 
dispersed in a matrix of hardened binder material. The faster that curing or 
hardening of the binder material occurs, the smaller the pockets of diluent will be. 
Preferably, after hardening the binder, a relatively large amount of relatively 

10 small pockets of diluent will be dispersed in a network throughout the green state 
structures. During debinding, the low molecular weight diluent can evaporate 
quickly at relatively low temperatures prior to decomposition of the other high 
molecular weight organic components. Evaporation of the diluent leaves behind 
a somewhat porous structure, thereby greatly increasing the surface area from 

15 which remaining binder material can volatilize and greatly decreasing the mean 
path length over which binder material must diffuse to reach these surfaces. 
Therefore, by including the diluent, the rate of volatilization during binder 
decomposition is increased by increasing the available surface area, thereby 
increasing the rate of volatilization for the same temperatures. This makes 

20 pressure build up due to limited difiusion rates less likely to occur. Furthermore, 
the relatively porous structure allows pressures that are built up to be released 
easier and at lower thresholds. The result is that debinding can be performed at a 
faster rate of temperature increase while lessening the risk of microstructure 
breakage. In addition, because of the increased surface area and decreased 

25 diffusion length, debinding is complete at a lower temperature. 

The diluent is not simply a solvent compound for the resin. The diluent is 
preferably soluble enough to be incorporated into the resin mixture in the uncured 
state. Upon curing of the binder of the slurry, the diluent should phase separate 
from the monomers and/or oligomers participating in the cross-linking process. 

30 Preferably, the diluent phase separates to form discrete pockets of liquid material 
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in a continuous matrix of cured resin, with the cured resin binding the particles of 
the glass frit or ceramic powder of the slurry. In this way, the physical integrity 
of the cured green state microstructures is not greatly compromised even when 
appreciably high levels of diluent are used (i.e., greater than about a 1 :3 diluent to 
5 resin ratio). 

Preferably the diluent has a lower affinity for bonding with the ceramic 
powder material of the slurry than the affinity for bonding of the binder material 
with the ceramic powder. When hardened, the binder should bond with the 
particles of the ceramic powder. This increases the structural integrity of the 
10 green state structures, especially after evaporation of the diluent. Other desired 
properties for the diluent will depend on the choice of ceramic powder, the choice 
of binder material, the choice of cure initiator (if any), the choice of the substrate, 
and other additives (if any). Preferred classes of diluents include glycols and 

i 

polyhydroxyls, examples of which include butanediols, ethylene glycols, and 

15 other polyols. 

In addition to ceramic powder, fugitive binder, and diluent, the slurry can 
optionally include other materials. For example, the slurry can include an 
adhesion promoter to promote adhesion to the substrate. For glass substrates, or 
other substrates having silicon oxide or metal oxide surfaces, a silane coupling 

20 agent is a preferred choice as an adhesion promoter. A preferred silane coupling 
agent is a silane coupling agent having three alkoxy groups. Such a silane can 
optionally be pre-hydrolyzed for promoting better adhesion to glass substrates. A 
particularly preferred silane coupling agent is a silano primer such as sold by 
Manufacturing Co. (3M), St. Paul, MN under the trade designation Scotchbond 

25 Ceramic Primer. Other optional additives can include materials such as 

dispersants which aid in mixing the ceramic powder with the other components of 
the slurry of the present invention. Optional additives can also include 
surfactants, catalysts, anti-aging components, release enhancers, and so on. 

PDP substrates are typically soda lime glass material made by float glass 

30 processing methods. Although conventional soda lime glass is widely available 
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at low cost, the softening temperature of such glass material has been too low for 
conventional PDP processing temperatures. Glass substrates for PDP 
applications are typically compositionally modified to raise the softening 
temperature. Often, this entails reducing the level of alkali material and 
5 increasing the level of alumina in the glass. The cost of soda lime glass so 
modified is significantly more than unmodified soda lime float glass material. 

The highest processing temperature in PDP manufacturing occurs during 
barrier rib fabrication. With current manufacturing processes, processing 
temperatures greater than SSO'^C are required to ensure that barrier rib materials 

10 are dense and are free of residual carbon. Although lower temperature fiising 
glass materials are available, the use of such materials can be prohibitive because 
the binder bum out temperatures are excessive. An important advantage of the 
method of the present invention is its use of relatively low ceramic microstructure 
processing temperatures, thus enabhng use of low cost unmodified soda lime 

15 glass. 

Electrodes can be applied on a PDP back substrate by a variety of 
methods including thin-film and thick film methods. Thin film methods involve 
physical vapor deposition of metal materials, typically Cr/Cu/Cr or Al, followed 
by lithography and etching to define the desired pattern. Thin film electrodes are 

20 usually less than 2 jim in thickness. Thick film method involves screen printing a 
silver frit material, firing to remove organic vehicles and fusing to enhance 
conductivity. A base alkali-free dielectric layer is also required with the thick 
film process since silver migration can occur on soda lime glass substrates. Thick 
film electrodes are typically 5 to 1 5 jim in thickness. 

25 The present invention will now be illustrated by the following non- 

limiting examples. 
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Examples 

Examples 1 and 2 

In the examples which follow, a jig was built to stretch a sheet of a 
5 polymer mold as shown in Fig. 7. To stretch a sheet of a polymer mold, S, the 
sheet was gripped at points A and B. Lateral force (in the plane of the mold) was 
then applied by turning a fine thread screw, C. The jig was designed to fit under 
a toolmaker microscope to observe the pattern of the polymer tool while 
stretching. Polymer mold pitch measurements were taken at various strain levels. 
10 Free-state pitch measurements were made before and after stretching to determine 
whether the levels nf strain applied had caused plastic or elastic deformation. Tiie 
polymer molds were about 2.5 cm wide and about 15 cm long. 

■ ■? 

Example 1 

1 5 A polymer mold with V-groove microstructures was used. The polymer 

mold was a flat PET film onto which an acrylate material was cast and cured to 
form V-groove microstructures. The PET film was nominally 127 \im thick and 
the microstructure bearing acrylate layer was about 27 to 30 |am thick. In the free 
state, the V-groove structures were measured to be 49.556 \im apart from peak to 

20 peak. 

As described above, the polymer mold was secured onto the jig to stretch 
in a direction parallel to the V-grooves. The V-groove spacing, or pitch, was 
measured at various levels of strain by visual inspection under a toolmaker 
microscope at 200X magnification. The results are summarized in Table 1 . 
25 Loading conditions were indicated by the number of turns of screw C. 
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TABLE 1 



Loading condition 


Pitch (|Lim) 


free state 


49.556 


pre-load (0 turns) 


49.530 


0.25 


49.520 


0.50 


49.510 


0.75 


49.500 


1.00 


. 49,483 


1.25 


49.470 


1.50 


49.463 


post-load (0 turns) 


49.530 



5 The spacing of the microstructured grooves was affected by nearly 1 900 

ppm (parts per million) without any observed permanent deformation (i.e., the 
loading history was strictly elastic). This range of control demonstrates the 
ability to accurately adjust patterned microstructures for alignment with a 
patterned substrate. 

10 

Example 2 

The same procedure as in Example 1 was repeated for a polymer mold 
having a different construction and a different pattern. In this example, the mold 
had rectangular channels and was a monolithic structure made entirely of 
15 polycarbonate, one surface of which was smooth and the other surface of which 
had the rectangular channels. The entire mold was 550 fim thick and the channels 
were 198 \im deep. The channels were nominally 120 ^im in v^dth and were 
spaced 219.94 apart. S strain was applied parallel to the channels in the plane 
of the polymer tool. The pitch measurements are summarized in Table 2. 
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TABLE 2 



Strain (%) 


Pitch (^m) 


pre-load (0%) 


219.87 


0.161 


219,74 


0.342 


219.59 


0.491 


219.45 


post-load (0%) 


219.87 



5 Similarly to Example 1, fine control of the feature pitch spacing was 

demonstrated by controlled stretching of the polymer mold. Again, as much as 
1900 ppm of shrinkage in the pitch of the channels was obtained by elastically 
stretching the mold. Furthermoie, the pitch of the micrbstructured channels was 
uniform along a significant portion (about 25% of the width) of the length of the 
10 polymer mold. By designing a polymer mold having a pattern that does not 
extend into the region near the loading points (where the film is gripped), there 
will be essentially no non-uniformities introduced into the mold pattern by 
stretching. Thus, the spacing of the pattem of the mold can be affected by 
stretching by the same amount at each point of the pattem. 

15 

Examples 3-7 

Various concentrations of diluent in a slurry were investigated for benefits 
of mold release and debinding rate. The molds used were polycarbonate or 
photo-curable acrylate material that was cast and cured onto a high stiffness 

20 backing material such as PET. The cast and cured polycarbonate or acrylate 
material formed the patterned surface of the mold. Cure shrinkage of the slurry 
and chemical interaction between the slurry and the polymer mold can cause 
difficulty with demolding. Bonding between the slurry and mold can resuh in 
longer processing times, fracturing of the cured microstructures, or mold failure. 

25 Enhancing the demolding characteristics is desirable to improve molding yield 
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and to prolong the life of the mold as well as to yield higher fidelity replicated 
structures. For PDP barrier rib manufacturing, the ability to quickly fire the ribs 
is desirable to reduce cycle time and cost. The binder must debind, or bum out, 
quickly and completely to achieve fast firing. Proper design and incorporation of 
5 a diluent component into the slurry of the present invention can enhance both 
demolding and debinding. 

A photocurable resin active in the visible light region was used as the 
binder in preparing the slurry samples in Examples 3-7. Glass firit was used as 
the glass powder of the slurry. The glass fnt was a lead borosilicate glass powder 

10 as commercially available from Asahi Glass Co. under the trade designation 
RFW030. and had an average particle size of ! .2 'fim. The base resin was 
composed of 50% by weight bisphenol-a diglycidyl ether dimethacrylate 
(BISGMA) and 50% by weight triethylene glycol dimethacrylate (TEGDMA). 
An initiator system which allows curing using visible light in the blue region of 

15 the spectrum was used and was composed of ethyl dimethylaminobenzoate, 
camphoroquinone, and diphenyl iodonium hexafluorophosphate. The initiator 
level was kept at 2% by weight of the organic components for all the samples. 
Glass fnt loading in all the slurries were about 45% to 47% by volimie. A 
phospate ester dispersant was used to help incorporation of the glass frit into the 

20 organic components. Curing was performed using a blue light (380 - 470 nm) 
source irradiated through the glass substrate used. Dosage was between 1 to 1 .5 
J/cm^. The diluent selected for Examples 3-7 was 1,3 butanediol. 1,3 butanediol 
is not soluble in the BISGMA alone, but is soluble in the BISGMA/TEGDMA 
mixture. The diluent content in percentage by weight of the organic components 

25 was as shown in Table 3. 
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TABLE 3 



Example 


Diluent (% by weight) 


3 


10 


4 


20 


5 


30 


6 


35 


7 


40 



Debinding Properties 
5 To study effects on binder bum out, thick films of the slurry according to 

Examples 3-7 were prepared on glass substrates for firing. The glass substrates 
were 2.5 nun thick soda lime glass as commercially available from Libbey- 
Owens-Ford Co., Toledo, OH. A knife coater was used to cast a uniform slurry 
layer onto the glass substrates. The knife coater gap was set at 200 |im. The 

10 coatings were cured with a blue light for 1 minute. The samples were then fired 
in a box furnace having an air flow of 30 scfh (standard cubic feet per hour). The 
firing schedule was 5°C per minute to 540°C for a 20 min soak. The samples 
were then cooled at 2 to 3°C per minute to room temperature. After firing, the 
fused layers were about 70 to 80 /am thick. The 10% sample, the formulation of 

15 Example 3, was severely cracked to a point at which the fragments did not adhere 
to the glass substrate after firing. The formulation of Example 4, the 20% diluent 
sample, also cracked, but remained adhered to the substrate. The formulations of 
Examples 5, 6, and 7 remained intact without cracking and were adhered to the 
substrate. These resuhs indicate that higher diluent concentrations in a slurry 

20 allow more facile binder biam out, presumably due to evaporation of the diluent 
leaving more pathways for debinding so that internal gas pressure from 
volatilization, which might otherwise cause fracturing, can be relieved. 
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Mold Release Properties 

Moid release after curing was studied quantitatively with a peel tester 
commercially available from Instramentors, Inc., Strongville, OH, under the trade 
designation Model SP-102C-3M90. Sheets of a polymer mold having rectangular 
5 channels were used for forming rib structures from the glass slurries of Examples 
3-7 onto soda lime glass substrates. The channels in the mold were nominally 75 
|im wide, 1 85 \xm deep, and 220 in pitch spacing. Sample fabrication 
involved laminating the glass slurry samples between the glass substrate and the 
mold, followed by curing the samples. The slurry essentially filled the charmels 

10 of the mold during lamination to thereby replicate the mold features onto the 
glass substrate afrer curing The molds were about 2.5 cm v/ide by about 22 cm 
long. The channels were parallel to the long dimension of the molds. After 
lamination, the samples were cured using a blue light source for a dosage of 1 - 
1 .5 J/cm^ After curing, the molds were released by peeling along the direction of 

15 the charmels and the peel force was measured. Peel test was performed at 90° to 
the substrate and at a speed of about 20 cm per minute. The average peel force 
measurements are shown in Table 4. 



TABLE 4 



Example 


Diluent (% by weight) 


Peel Force (kg/cm) 


3 


10 


mold fmlure 


4 


20 


0.71 


5 


30 


0.47 


6 


35 


0.16 


7 


40 


0.10 



The formulation of Example 3 did not give conclusive results because the 
adhesion to the mold was so strong that the mold tore in the peel process. The 
benefit of the diluent in enhancing mold release is evident from Table 4. 
However, note that at very high diluent levels, the physical integrity of the cured 
25 green state structures can be degraded significantly due to the relatively high 
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liquid content. The formulation of Example 7 showed some defects after curing 
due to breakage of the green state structures. The formulations of Examples 4, 5, 
and 6, representing diluent contents above 1 0% and below 40%, exhibited the 
best combination of green state physical integrity and mold release properties. 

5 

Example 8 

A spatula was used to mix an epoxy binder with 82.3% by weight (43.3 
volume %) of yttria-stabilized zirconia powder (commercially available from 
Zirconia Sales America, grade HS Y-3B). The average particle size in the 

10 zirconia powder size was 0.4 microns. The epoxy binder was mixed with a 

diluent and a surfactant in amounts nf 54.2% by weight epoxy, 36.^% by weight 
diluent and 9.4% by weight surfactant. The epoxy was a blend of bisphenol A 
epoxide (commercially available from Celanese Corp., . Louisville, KY, under the 
trade designation Celanese DER 332) and an amine curing agent (commercially 

15 available from Celanese Corp. under the trade designation Epi-cure 826). The 
curing agent level was 26% by weight of the epoxy. The diluent system was a 
blend of 65% by weight of 1 ,3 butanediol (commercially available from Aldrich 
Chemical Co., Milwaukee, WI) and 35% by weight of polyethylene glycol 
(commercially available fixim Sigma Chemical, St. Louis, MO, under the trade 

20 designation Carbowax 200). The polyethylene glycol served to solubilize the 
butanediol in the epoxy. The surfactant was a material commercially available 
from ICI Americas Inc., New Castle, DE, under the trade designation hypenner 
KDl . The surfactant served to help incorporate the zirconia powder in the resin. 
The slurry was molded onto a plastic substrate, transferred onto an alumina 

25 substrate, and then debinded by heating to 600'^C at a rate of 5°C per minute. The 
material was then fired by ramping the temperature to 1400°C at a rate of 10°C 
per minute and held there for 1 hour. 

The slurry of Example 8 can be made by mixing the following materials 
in the following amounts: 

30 51 ,0g yttria-stabilized zirconia powder 
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4.40g bisphenol A epoxide . 
1. 5 6g curing agent 
2.60g polyethylene glycol 
1.40g 1,3 butanediol 
5 1 .02g surfactant 

Example 9 

An acrylate binder was mixed with 85.5% by weight of yttria stabilized 
zirconia powder. The zirconia powder was a bimodal blend of grade HS Y-3B (as 

10 used in Example 8) with 12.3% by weight of grade HSY-3U as conunercially 
available from the same company. Grades HSY-3R and HSY-3U have respective 
average particle sizes of 0.4 and 0.1 microns. The binder was 50.5% of an 
acrylate resin (described below), 44.4% by weight diluent and 5.0% by weight 
surfactant. Specifically, the resin was a blend of 50% by weight bisphenol A 

15 diglycidyl ether dimethacrylate (BISGMA) and 50% by weight triethylene glycol 
dimethacrylate (TEGMA). The cure initiator was a mixture of ethyl 
dimethylaminobenzoate, camphoroquinone and diphenyl iodonium 
hexafluorophosphate. The initiator level was 2% by weight of the acrylate base 
resin. The diluent was 50% by weight diallyl phthalate and 50% by weight butyl 

20 strearate. The diallyl phthalate plasticizer in the diluent served to reduce resin . 
viscosity for improving moldability and to solubilize the butyl stearate in the 
acrylate resin. The butyl strearate in the diluent allowed for phase separation of 
the diluent upon curing of the binder to aid mold release and allow speedy egress 
of the binder material during debinding. The surfactant (available from ICI 

25 Americas under the trade designation hypermer KDl) was used to incorporate the 
zirconia powder into the bmder. The slurry was molded onto a glass substrate 
and cured by exposure to blue light through the substrate and through the mold 
for 2.5 minutes before being demolded from the polymer mold that was used. 
The debinding and firing schedule was the same as used in Example 8. 
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The slurry of Example 9 can be made by mixing the following materials 
in the following amounts: 

5 1 0. 1 Og yttria stabilized zirconia powder grade HS Y-3B 
71.50g yttria stabilized zirconia powder grade HSY-3U 
5 50.00g 50/50 BISGMA/TEGMA blend 

22.20g diallyl phthalate 
22.20g butyl stearate 
5.00g surfactant 

10 Example 10 

A uv curable olisomeric comnosition was used to form a mi c roslTuC ture d 
flexible mold. The composition was a mixture of 99% by weight of the aliphatic 
urethane acrylate, Photomer 6010, and 1% by weight of a photoinitiator 
commercially available from Ciba Specialty Chemicals under the trade 

15 designation Darocur 1 173 . The oligomeric resin was heated to about 60°C to 
lower the viscosity to about 2500 centipoise. The resin was poured along one 
edge of a metal tool having a positive ribbed microstructure suitable for use in 
PDP barrier rib formation and overlaid with a polyester film having a 5 mil 
thickness. The stack was pulled between the flat surface on which the stack was 

20 placed and a metal roller mounted on a frame above the stack. The gap between 
the flat surface and the roller was adjusted such that the distance between the 
metal tool and the polyester film was about 0.001 inches. As the stack was pulled 
through the gap, the oligomeric resin was forced into the microstructure of the 
tool and spread across the tool. The stack was irradiated through the polyester 

25 substrate using. three passes under a medium-pressure mercury lamp for a dosage 
in the range of 200 to 400 mJ/cm^. The resulting microstructured mold was 
peeled away from the metal tool to provide a nearly exact negative of the 
microstructure present on the metal tool. 
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Example 1 1 

A uv curable oligomeric composition was used to fonii a microstructured 
flexible mold. The composition was a mixture of 75% by weight of the aliphatic 
5 urethane acrylate, Photomer 60 1 0, 24% by weight of 1 ,6-hexanedioI diacrylate, 
and 1 % by weight of the photoinitiator Darocur 1 1 73 . The oligomeric resin was 
heated to about 60°C to lower the viscosity to about 1 000 centipoise. The resin 
was poured along one edge of a metal tool having a positive ribbed 
microstructure and overlaid with a polyester film having a 5 mil thickness. The 

10 stack was pulled between the flat surface on which the stack was placed and a 
metal roller mounted on a frame above the stack. The gap between the flat 
surface and the roller was adjiisted such that the distance between the metal tool 
and the polyester film was about 0.001 inches. As the stack was pulled through 
the gap, the oligomeric resin was forced into the microstructure of the tooling and 

15 spread across the metal tool. The stack was irradiated through the polyester 

substrate using three passes under a medium-pressure mercury lamp for a dosage 
in the range of 200 to 400 mJ/cm^. The resulting microstructured mold was 
peeled away from the metal tool to reveal, upon further examination, distorted 
microstructures with concave shaped side-walls and slanted tops. 

20 

Example 12 

The following is an example of compression molding to form patterned 
microstructured molds for use in the present invention. A sample was prepared 
for compression molding by sequentially stacking the following: a cardboard 
25 sheet, a chrome-plated brass plate, a 9 inch by 1 3 inch microstructured metal tool, 
four sheets of 0.0055 inch thick polycarbonate film (available from the Bayer 
Corp. under the trade designation Makrolon 2407), followed by a second chrome 
plated brass plate, and a second cardboard sheet. 

The stack was placed in a compression molder (as commercially available 
30 firom Wabash MPI, Wabash, ID, under the trade designation Model V75H-24- 
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CLX), which was heated to 190°C. The stack was compressed at 5000 lbs 
loading force for 2 minutes. The load was increased to 40,000 lbs for an 
additional 2 minutes, followed by cooling to approximately 80°C under pressure. 
The stack was removed from the molder and disassembled to provide a 
5 microstructured mold. 
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WHAT IS CLAIMED IS: 

1 . A process for forming and aligning microstructures on a patterned 
substrate comprising the steps of: 

placing a mixture comprising a curable material between the patterned 
substrate and a pattemed surface of a mold, the patterned surface 
of the mold having a plurality of microstructures thereon; 

stretching the mold to align a portion of the pattemed surface of the mold 
with a portion of the pattemed substrate; 

curing the curable material to a rigid state adhered to the substrate; and 

removing the mold to le?ivft hnrHenftH Qtntptiirpo nf tV»*» ivtivtM^<^ oNrr^^o.^ 
with the pattern of the substrate, the hardened structures 
substantially replicating the microstmctures of the pattemed 
surface of the mold. 

2. A process for forming and aligning ceramic microstmctures on a pattemed 
substrate comprising the steps of: 

providing a slurry comprising a mixture of a ceramic powder and a 

curable fugitive binder; 
placing the slurry between a pattemed glass substrate and a pattemed 

surface of a mold, the pattemed surface of the mold having a 

plurality of microstmctures thereon; 
stretching the mold to align a portion of the pattemed surface of the mold 

with a portion of the pattemed substrate; 
curing the curable binder to harden the slurry and to adhere the slurry to 

the substrate; 

removing the mold to leave green state microstmctures of the slurry 
adhered to the substrate, the green state microstmctures 
substantially replicating the microstmctures of the pattemed 
surface of the mold. 
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3. The process of claim 2, further comprising the steps of debinding the 
green state microstructures to substantially bum out the fugitive binder, and 
thereafter firing the green state microstructures at an elevated temperature higher 
than that used for debinding to sinter the ceramic powder to form ceramic 

5 microstructures. 

4. The process of claim 2, wherein the step of curing the curable binder 
comprises exposing the slurry to ultraviolet or visible light radiation through the 
substrate, through the mold, or through both the substrate and the mold. 

10. 

5. The process of claim 1 or 2, wherein the step of stretching the mold 
comprises mechanically pulling the mold in a single direction lateral to the 
substrate. 

15 6. The process of claim 1 or 2, wherein the mold comprises a thermoplastic 
material having a smooth surface and an opposing microstructured surface. 

7. The process of claim 1 or 2, wherein the mold comprises a base film layer 
and a patterned layer made firom a curable polymer, the patterned layer having a 

20 smooth surface adhered to the base film layer and a microstructtired surface 
opposing the base film layer. 

8. The process of claim 2, wherein the patterned glass substrate comprises a 
series of substantially parallel and independently addressable electrodes spaced a 

25 distance apart. 

9. The process of claim 8, wherein the microstnicture of the patterned 
surface of the mold comprises a series of substantially parallel ridges protruding 
from the surface of the mold, the ridges having dimensions and spacings such that 
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the ridges are capable of being aligned with the electrodes of the substrate during 
the step of stretching the mold. 

1 0. A high definition television screen assembly including a plasma display 
5 panel comprising: 

a back glass substrate having a plurality of independently addressable 

electrodes forming a pattern; 
a plurality of ceramic microstructured barriers molded and aligned with 

the electrode pattern on the back substrate according to the process 
10 of claim 2; 

phosphor powder deposited between the ceramic barriers; 
a front glass substrate having a plurality of electrodes, the front substrate 
mounted with its electrodes facing the electrodes on the back 
substrate; and 

1 5 an inert gas disposed between the front and back substrates. 
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